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contains bits b and d. After a time-domain transfer imple- 
mented by clocking the two half-rate data signals through 
FF18 and FF19, respectively, the resulting data signals 
correspond to two demultiplexed DDR data signals provided 
on signal lines INSHPO and INSHP1, thereby completing 5 
the (1x2) data demux input mode. 

Those skilled in the art will understand how to extend the 
exemplary processing represented in FIG. 8 to the other 
input modes of operation supported by the circuitry of FIG. 
3. io 

Alternative Implementations 

Depending on the particular implementation, the archi- 
tectures shown in FIGS. 3 and 5 may share certain compo- 
nents. For example, in a preferred implementation, update 15 
generator 310 of FIG. 3 and update generator 502 of FIG. 5 
are implemented as a single, shared update generator. Simi- 
larly, control signal LSR and the clock signals SC and EC 
are shared. 

The present invention has been described in the context of 20 
a particular architecture that can support multiplexing modes 
up to (4:1) and demultiplexing modes up to (1:4), without or 
without corresponding SDR/DDR conversion. As suggested 
previously, the present invention is not so limited. Higher 
levels of multiplexing and demultiplexing can be achieved ^ 
by adding additional flip-flops to appropriate stages in the 
designs and providing appropriate control signals to exploit 
the functionality of such additional components. 

The present invention has been described in the context of 
circuitry that is driven by a single system clock and a single 30 
edge clock. Those skilled in the art will understand that the 
present invention can be expanded to employ more than two 
clocks with appropriate muxing to select specific clocks to 
be used to drive particular components. 

Although the present invention has been described in the 35 
context of FPGAs, those skilled in the art will understand 
that the present invention can be implemented in the context 
of other types of PLDs, such as, without limitation, mask- 
programmable gate arrays (MPGAs), SRAM-based PLDs, 
DRAM-based PLDs, flash mempry-based PLDs, and ASICs 40 
with user control signals. 

It will be further understood that various changes in the 
details, materials, and arrangements of the parts which have 
been described and illustrated in order to explain the nature 
of this invention may be made by those skilled in the art 45 
without departing from the scope of the invention as 
expressed in the following claims. 

What is claimed is: 

1. A programmable logic device (PLD), comprising a 50 
logic core connected to an input/output (I/O) interface, the 
I/O interface comprising one or more programmable I/O 
buffers (PIBs), wherein: 

at least one PIB can be programmed to perform three or 
more of: 55 

(a) a double data rate (DDR) input mode in which an 
incoming DDR data signal is converted into two 
single data rate (SDR) data signals that are made 
available to the logic core; 

(b) one or more demux input modes, different from the 60 
DDR input mode, in which an incoming data signal 

is demultiplexed into two or more lower-rate data 
signals that are made available to the logic core; 

(c) one or more DDR demux input modes in which an 
incoming DDR data signal is converted into four or 65 
more lower-rate SDR data signals that are made 
available to the logic core; and 
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(d) one or more additional input modes in which an 
incoming data signal is made available to the logic 
core without any demultiplexing or DDR-to-SDR 
conversion; and the at least one PIB can be pro- 
grammed to perform three or more of: 

(a) a DDR output mode in which two SDR data signals 
from the logic core are converted into a single 
outgoing DDR data signal; 

(b) one or more mux output modes, different from the 
DDR output mode in which two or more data signals 
from the logic core are multiplexed into a single, 
higher-rate, outgoing data signal; 

(c) one or more DDR mux output modes in which four 
or more SDR data signals from the logic core are 
converted into a single, higher-rate, outgoing DDR 
data signal; and 

(d) one or more additional output modes in which a data 
signal from the logic core is provided as an outgoing 
data signal without any multiplexing or SDR-to- 
DDR conversion. 

2. The invention of claim 1, wherein the PLD is a field 
programmable gate array (FPGA). 

3. The invention of claim 1, wherein: 

the one or more additional input modes comprise a 
pass-through data input mode and an input register 
mode; and 

the one or more additional output modes comprise a 
pass-through data output mode and an output register 
mode. 

4. The invention of claim 1, wherein, during each DDR 
demux input mode: 

the incoming DDR data signal is converted into first and 

second SDR data signals; 
the first SDR data signal is demultiplexed into a first set 

of two or more lower-rate SDR data signals; and 
the second SDR data signal is demultiplexed into a second 

set of two or more lower-rate SDR data signals. 

5. The invention of claim 1, wherein, during each DDR 
mux output mode: 

a first set of two or more SDR data signals are multiplexed 
into a first higher-rate SDR data signal; 

a second set of two or more SDR data signals are 
multiplexed into a second higher-rate SDR data signal; 
and 

the first and second SDR data signals are converted into 
the outgoing DDR data signal. 

6. The invention of claim 1, wherein the PIB supports a 
plurality of different demux input modes having different 
levels of demuxing, a plurality of different DDR demux 
input modes having different levels of demuxing, a plurality 
of different mux output modes having different levels of 
muxing, and a plurality of different DDR mux output modes 
having different levels of muxing. 

7. The invention of claim 6, wherein: 

the plurality of demux input modes includes (1:1), (1:2), 

and (1:4) levels of demuxing; 
the plurality of DDR demux input modes includes (1:1), 

(1:2), and (1:4) levels of demuxing, each combined 

with DDR-to-SDR conversion; 
the plurality of mux output modes includes (1:1), (2:1), 

and (4:1) levels of muxing; and 
the plurality of DDR mux output modes includes (1:1), 

(2:1), and (4:1) levels of muxing, each combined with 

SDR-to-DDR conversion. 

8. The invention of claim 1, wherein, to support the input 
modes, the PIB comprises: 
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^> CLAIMS 

1 1. (currently amended) A programmable logic device (PLD), comprising a logic core 

2 connected to an input/output (I/O) interface, the I/O interface comprising one or more programmable I/O 

3 buffers (PIBs), wherein: 

4 at least one PEB can be programmed to perform two three or more of: 

5 (a) a double data rate (DDR) input mode in which an incoming DDR data signal is 

6 converted into two single data rate (SDR) data signals that are made available to the logic core; 

7 (b) one or more demux input modes , different from the DDR input mode, in which 

8 an incoming data signal is demultiplexed into two or more lower-rate data signals that are made available 

9 to the logic core; 

1 0 (c) one or more DDR demux input modes in which an incoming DDR data signal is 

11 converted into four or more lower-rate SDR data signals that are made available to the logic core; and 

12 (d) one or more additional input modes in which an incoming data signal is made 

13 available to the logic core without any demultiplexing or DDR-to-SDR conversion; and 

14 the at least one PD3 can be programmed to perform two three or more of: 

15 (a) a DDR output mode in which two SDR data signals from the logic core are 

1 6 converted into a single outgoing DDR data signal; 

1 7 (b) one or more mux output modes , different from the DDR output mode, in which 

1 8 two or more data signals from the logic core are multiplexed into a single, higher-rate, outgoing data 

19 signal; 

2 0 (c) one or more DDR mux output modes in which four or more SDR data signals 

2 1 from the logic core are converted into a single, higher-rate, outgoing DDR data signal; and 
2 2 (d) one or more additional output modes in which a data signal from the logic core is 

2 3 provided as an outgoing data signal without any multiplexing or SDR-to-DDR conversion. 

1 2. (original) The invention of claim 1, wherein the PLD is a field programmable gate array 

2 (FPGA). 

1 3. (original) The invention of claim 1, wherein: 

2 the one or more additional input modes comprise a pass-through data input mode and an input 

3 register mode; and 

4 the one or more additional output modes comprise a pass-through data output mode and an 

5 output register mode. 

1 4. (original) The invention of claim 1, wherein, during each DDR demux input mode: 

2 the incoming DDR data signal is converted into first and second SDR data signals; 

3 the first SDR data signal is demultiplexed into a first set of two or more lower-rate SDR data 

4 signals; and 

5 the second SDR data signal is demultiplexed into a second set of two or more lower-rate SDR 

6 data signals. 

1 5. (original) The invention of claim 1, wherein, during each DDR mux output mode: 

2 a first set of two or more SDR data signals are multiplexed into a first higher-rate SDR data 

3 signal; 

4 a second set of two or more SDR data signals are multiplexed into a second higher-rate SDR data 

5 signal; and 

6 the first and second SDR data signals are converted into the outgoing DDR data signal. 
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